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EFFECT OF rf ON SUBHARMONIC GAP
Mainly two explanations of the structure have been suggested, namely multiparticle tunneling [2] and nonlinear self-coupling of the Josephson radiation [3] . Since the latter explanation invokes the ac-Josephson effect directly whereas the former does not, one might hope that a distinction between the two explanations can be established experimentally by means of an externally applied microwave radiation (rf). Giaever and Zeller [4] found, in fact, that the SGS was strongly dependent on the presence of rf-fields, and Longacre and Shapiro [5] suggested that the rf-response of the SGS in small junctions where spatial variation of the rf-fields is neglected was very similar to the ordinary microwave-assisted tunneling (MAT) [6] , [7] ments of the rf-power dependence of the SGS both for thin-film tunnel junctions (Sn-SnO-Sn) and for point-contact junctions (Nb-Nb). Figure 1 shows the I-V characteristic of a typical point-contact junction (trace a) and also the corresponding derivative, dV/dI, which more clearly exhibits the structure (trace b) with no applied rf. The effect of applied 4 mm radiation (66 GHz) on the junction of figure 1 is illustrated in figure 2 which shows 2. Considering, first, the energy gap region we find that the structure at V = 2 ~/e decreases as the power increases and that it is replicated on either side of the gap voltage spaced by N 270 jV corresponding to a separation hv/e at 66 GHz. This is recognized as MAT [6] in the limit of high frequencies (this limit is defined by the photon energy, hv/e, being greater than the width of the gap structure). Secondly, we find that the peak at half the gap voltage also decreases with increasing power and at a faster rate than did the energy gap structure. Here Hasselberg, Levinsen and Samuelsen [9] have derived the power dependence predicted by multiparticle tunneling and nonlinear self-coupling and have found that they both agree with our experimental results. Hence, a distinction between these theories cannot be made on this basis.
